Uptake of arachidonic acid into membrane phospholipids: effect on chloride transport across cornea.
We demonstrate that arachidonic acid (AA) stimulation of chloride transport across frog cornea is mediated via two independent pathways: (1) stimulation of prostaglandins and cAMP synthesis, and (2) a direct physical change in the membrane produced by substitution of different phospholipid acyl chains. AA is well known as a precursor in the synthesis of prostaglandins, which have been shown to stimulate cAMP synthesis and chloride transport in frog cornea. We show that frog cornea can convert exogenous AA to PGE2, but that in the presence of 10(-5) M indomethacin both the conversion to PGE2 and stimulation of cAMP are completely blocked. However, with indomethacin the action of AA to stimulate chloride transport (as measured by SCC) remains, but peak height of the response is reduced to 57% of that found when AA alone is given. Similarly, we show that propranolol completely blocks cAMP stimulation, but stimulation of SCC is reduced to 45% of the original response. Therefore, cAMP appears to be responsible for roughly half of the observed stimulation in SCC. By gas chromatographic analysis we show that significant quantities of AA can rapidly substitute into membrane phospholipids of corneal epithelium and L929 cells following the addition of AA to the medium. Modification of membrane phospholipid structure can affect membrane viscosity, membrane-bound enzyme activity, and the distribution and lateral mobility of integral proteins. It seems likely that such alterations in the properties of the membrane may modulate the rate of chloride transport, and this may constitute the second mechanism. Upon addition of AA, both mechanisms appear to stimulate chloride transport simultaneously, and are apparently additive. We show that prolonged exposure to AA results in a large incorporation of AA into phospholipid and consequently, a perturbation in the ratio of unsaturated to saturated fatty acids. We also find evidence of a compensatory cellular mechanism that alters the ratio of endogenously synthesized fatty acids and tends to reduce the membrane-perturbing effect of AA.U